INTRODUCTION {#sec1-1}
============

Lead, a metal used by mankind for over 6,000 years, is one of the most widely scattered toxic metals in the environment today. The metal does not have any known useful function in the human body and produces harmful effects once it enters inside the body either by ingestion, inhalation, or by dermal contact (organic lead). Although the occupational safety and health administration (O.S.H.A.) permissible limit for occupational lead exposure is \< 40μg/dl, adverse health effects below this standard have been reported. Neurobehavioral, hematologic, nephrotoxic, reproductive, and cardiovascular effects of lead have been observed in humans and in other animals.\[[@CIT1]--[@CIT7]\]

Numerous studies in humans and animals indicate that lead exposure can promote brain dysfunction, which may lead to behavioral changes and altered cognitive function. Lead preferentially affects the central nervous system; moreover, it also poisons the motor neurons within the peripheral nervous system.\[[@CIT8]--[@CIT11]\] Although the neurotoxicity of lead has been extensively documented by numerous studies, most of these studies have relied on neurobehavioral or neurophysiologic methods in assessing the neurotoxicity of lead.\[[@CIT12]--[@CIT14]\] Recent evidences suggest that the neurotoxic events during lead toxicity may be mediated through an interference with the cholinergic system, suggesting that this altered biochemical intracellular communication may lead toward the well-known neurobehavioral and neurophysical end point usually observed in lead neurotoxicity.\[[@CIT15][@CIT16]\] The cholinergic system plays a pivotal role in many of the central nervous system functions, including cognitive behavior. Impairment of this system appears to be associated with the behavioral disturbances and deficit in learning and memory usually observed in humans and animals.\[[@CIT17][@CIT18]\] Cholinergic neurotransmission impairment of the brain has already been well stabilized in experimental animals. However, a similar study of occupational or environmental settings has not been well understood in humans mainly because of ethical considerations. The recent accumulating experimental evidences however point that biochemical signals of the neurotransmission system similar to those involved as neurotoxic targets in the central nervous system are also present in more easily and ethically obtainable body fluids like peripheral blood cells, urine, saliva, and cerebrospinal fluid and can thus be used in assessing exposure and response of the central nervous system when functional damage may not yet be apparent.\[[@CIT19]\] In this context, plasma and red blood cell (RBC) acetylcholine esterase (AChE) are currently being extensively investigated in human as surrogate biomarkers of exposure and for predicting the neurotoxic effects of toxicants.\[[@CIT17][@CIT18][@CIT20]\]

Lead is widely used in various paints because of its anticorrosive properties and ability to hold pigments together. Recently, Alphen *et al*. reported that 10% of lead metal consumed in India is used for manufacturing of paints.\[[@CIT21]\] Another study by Clark et al. had reported that 100% of Indian paints are known to contain lead at levels above the US limit of 0.06%.\[[@CIT22]\] Painters are continuously exposed to these lead-containing paints as well as to an extensive variety of hazardous substances like organic solvents and residual plastic monomers. In the present study, we have assessed the blood lead levels (BLL) of painters using commercially available Indian paints and occasionally gasoline or thinners as solvents. The application of paints was performed with brushes or by aerosol spraying while the removal was performed by sandblasting and scrapping of the surfaces previously coated with paint. Both the tasks were performed without proper protection (e.g., wearing gloves and masks).

MATERIALS AND METHODS {#sec1-2}
=====================

Selection of the study population {#sec2-1}
---------------------------------

For the study, the ethical clearance was obtained from King George\'s Medical University, Lucknow, India. A written informed consent was taken from subjects by explaining the importance of the study in their local language. Residential and commercial painters were selected and recruited on the basis of routine surveillance data of those who were engaged with local contractors in Lucknow city. A population of 53 male painters in the age group of 20--50 years was screened for BLL, of which 35 painters who had BLL ≤40 μg/dl were selected for this study. These painters were engaged in house painting for 8--9 h a day and were performing this for a period of 5--10 years. An equal number of controls of the similar age group belonging to the similar socioeconomic status with no occupational exposure to lead and who were normal healthy are selected from the same vicinity. Information on occupation and medical history, job description, socioeconomic status, and lifestyle of both groups were obtained through questionnaire. Subjects having a previous history of metabolic diseases such as diabetes mellitus, hypertension, malignancy, heart disease, etc, infectious diseases like arthritis and tuberculosis, and endocrinal disorders as well as other conditions known to generate oxidative stress were excluded from the study. Ten painters who had initially joined the study discontinued on their own while eight painters on clinical examination were found to suffer from metabolic diseases such as diabetes and heart diseases.

Blood collection {#sec2-2}
----------------

By taking all aseptic precautions, 5 ml of total venous blood is collected in dipotassium EDTA vacationers (BD Biosciences, San Jose, CA, USA) from each subject and control by an expert phlebotomist. Two milliliters of whole venous blood is used for the estimation of lead. The other 3 ml of blood is centrifuged at 3000 rpm for 15 min for separation of plasma. The remaining packed RBCs were lysed by mixing normal saline and both plasma and RBCs lysate were used for the estimation of AChE.

Analytical methods {#sec2-3}
------------------

BLL were determined using a graphite furnace atomic absorption spectrometer (Varian Australia Pty, Victoria, Australia).\[[@CIT23]\] The instrument was calibrated using aqueous standards of various lead concentrations (10--40 *μ*g). The AChE levels were determined in plasma and RBC lysate according to the method of Venkatramana *et al*.\[[@CIT24]\] AChE (true and pseudo) estimation was performed by the colorimetric method using acetylcholine chloride as the substrate.

Statistical analysis {#sec2-4}
--------------------

Student\'s *t*-test was used to analyze the significance of the mean differences between control subjects and lead-exposed painters. Relative association among parameters of control subjects and lead-exposed painters were determined separately by Karl Pearson\'s correlation coefficient (r). Linear regression analysis was performed to determine the strength of the relationship of BLL with other significantly correlated parameters of lead-exposed painters. The value *P* \<0.05 was considered significant and *P* \<0.01 was considered very significant. However, *P* \>0.05 was considered as not significant.

RESULTS {#sec1-3}
=======

[Table 1](#T0001){ref-type="table"} summarizes the demographic data of both painters and control subjects. The average professional years as a painter were about 9 years (range 5--12 years). The working conditions for these painters remained fairly stable without significant changes over the past several years. The working years in the control group averaged 7 years (range 5--10 years). The parameters of smoking and alcohol consumptions did not differ significantly between the two groups.

###### 

Demographic data of subjects

  Variables                           Painters (*n* = 35)    Controls (*n* = 35)
  ----------------------------------- ---------------------- ----------------------
  Age (years)                         38.1 ± 1.54            36.8 ± 1.46
  Years in employments                5--12                  5--10
  Initial age at employment (years)   22.0 ± 3.23            21.3 ± 3.02
  Smoking (pack--years)               81.8 ± 106.3 (54.0%)   72.2 ± 90.01 (52.0%)
  Alcohol (ml--days)                  35.1 ± 52.53 (39.1%)   39.4 ± 56.90 (40.0%)

Data represent mean ± S.D, where \**P* \<0.01 was considered significant.

[Table 2](#T0002){ref-type="table"} shows BLL and AChE activities in both RBC and plasma. BLL were found to be 7.3-fold higher in painters when compared with controls. Significant (*P* \< 0.01) decreases in RBC and plasma AChE were observed in painters in comparison with controls. RBC and plasma AChE showed a decrease of 18.4% and 18%, respectively, from the control group.

###### 

Summary of parameters of controls and painters

  Parameters           Control (n = 35)   Painters (n = 35)
  -------------------- ------------------ -------------------------------------------------
  Blood Pb (*μ*g/dl)   2.79 ± 0.16        21.64 ± 1.02[\*](#T000F1){ref-type="table-fn"}
  RBC AChE (U/ml)      308.30 ± 1.24      252.00 ± 3.16[\*](#T000F1){ref-type="table-fn"}
  Plasma AChE (U/ml)   153.47 ± 2.22      125.77 ± 1.38[\*](#T000F1){ref-type="table-fn"}

*P* \< 0.01 was considered significant.

[Table 3](#T0003){ref-type="table"} depicts significant (*P* \< 0.01) negative correlation of both RBC and plasma AChE with BLL of painters. However, RBC AChE shows higher negative correlation (r = -0.88, *P* \< 0.01) than plasma (r= -0.75, *P* \< 0.01). Similar negative correlation (r= -0.71, *P* \<0.01) was observed between RBC and plasma AChE.

###### 

Pearson\'s correlation (r) between blood lead and AChE (RBC and plasma)

  Parameters    Blood Pb                                    RBC AChE                                    Plasma AChE
  ------------- ------------------------------------------- ------------------------------------------- -------------
  Blood Pb      1.00                                                                                    
  RBC AChE      -0.88[\*\*](#T000F2){ref-type="table-fn"}   1.00                                        
  Plasma AChE   -0.75[\*\*](#T000F2){ref-type="table-fn"}   -0.71[\*\*](#T000F2){ref-type="table-fn"}   1.00

*P* \< 0.01 was considered significant.

[Figure 1](#F0001){ref-type="fig"} shows best-fit regression graphs of RBC and plasma AChE activities with BLL. RBC AChE shows higher affinity with BLL of painters than plasma AChE.

![(A) Best-fit regression between blood Pb and plasma AChE (B) Best-fit regression between blood Pb and RBC AChE](IJOEM-13-23-g001){#F0001}

DISCUSSION {#sec1-4}
==========

AChE is an enzyme that is responsible for interrupting normal nerve transmission at the synapse by hydrolyzing the neurotransmitter Ach to acetic acid and choline. This transmission interruption ensures that the nervous system is not unnecessarily stimulated. In our study, we observed that AChE activity both in RBCs and plasma was decreased significantly in painters (18.4% and 18%, respectively) as compared with the control unexposed group. Besides this, a negative correlation of both RBCs and plasma AChE with BLL was also recorded in the painters. Painters are excessively exposed to lead while scrapping the old paint and painting the scrubbed surfaces. Lead is widely used in various paints because of its anticorrosive properties and ability to hold pigments together. Alphen *et al*. reported that nearly 10% of lead consumed in India is used for manufacturing of paints.\[[@CIT21]\] Our findings confirm the earlier findings that lead exposure mainly affects the cholinergic system by reducing Ach release as lead competes with calcium (Ca^2+^), which may account for the disruption of the cholinergic function and alteration in the other transmitter systems.\[[@CIT25]--[@CIT27]\] Several pharmacological studies have also demonstrated marked reduction in cholinergic function.\[[@CIT28]--[@CIT31]\] The nervous system is the primary target for the Pb exposure and it is therefore vulnerable to Pb neurotoxicity.\[[@CIT32][@CIT33]\] The mechanism by which lead inhibits AChE is still not well known. One of the best characterized toxic effects of lead is its inhibition of the enzyme delta-aminolevulinic acid dehydratase (ALAD), which is effected by lead binding to the free sulphydryl groups on ALAD-active sites.\[[@CIT34]\] Inhibition of ALAD results in the elevation of delta-aminolevulinic acid (ALA) in the blood.\[[@CIT35][@CIT36]\] ALA undergoes autooxidation at physiological pH, resulting in the formation of superoxide, hydrogen peroxide, and ALA free radicals. Recent studies by Tsakiris *et al*. indicate that the activity of AChE is decreased on exposure to free radicals.\[[@CIT37]\] It is tempting to speculate that the inhibitory effect of lead on AChE observed in the painters in this study might be due to free radicals produced by lead. Lead also has a high affinity for free -SH groups present in enzymes and proteins and its binding can alter their function.\[[@CIT38][@CIT39]\] This may also lead to the observed inhibition of AChE activity and consequent increase in Ach level in the present study, which is in agreement with the earlier reports.\[[@CIT40][@CIT41]\] Accumulation of ACh at synaptic regions could lead to desensitization of the cholinergic receptors on the post-synaptic membrane, rendering it ineffective to the transmitter action.\[[@CIT27]\]

CONCLUSION {#sec1-5}
==========

The study conducted on painters revealed that Pb exposure remarkably decreases the RBCs and plasma AChE activity. Both RBC and plasma AChE showed negative correlation with BLL. The decrease in both RBC and plasma AChE is indicative of disruption of the cholinergic function, leading to neurotoxicity in exposed workers.
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